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INTRODUCTION 
Radiographic film has been used for many years in NDE as a means to detect thickness 
variations in parts. The part thickness information is captured as varying shades of grey on 
the film. Radiographic film can be an extremely sensitive detector capable of detecting small 
variations in part thickness as thousands of shades of greys. 
The traditional method of evaluating radiographs has been the human eye. While the 
eye can integrate data quickly, it has two major disadvantages. First, the human eye cannot 
measure grey values quantitatively and second the human eye can generally detect less than 
three hundred shades of grey. Thus, a significant amount of useful thickness information on 
the film is undetected by the human eye. 
Another technique for evaluating radiographs employs a scanning micro-densitometer. 
The scanning micro-densitometer offers a significant advantage over visual film analysis in 
that it has excellent sensitivity to grey scale (part thickness) variations (on the order of 
thousands of shades of grey). The micro-densitometer is also valuable since it is a 
quantitative device. The primary disadvantage of the scanning micro-densitometer is that, at 
the resolution requirements that are generally required for NDE, the data capture times can be 
on the order of hours for a single radiograph. 
CCD BASED FILM DIGITIZER 
A more recent method for evaluating radiographs uses a CCD based digitizer as the 
image capture device. The CCD digitizer offers the same advantages as the scanning 
micro-densitometer in that it is a quantitative device with excellent grey scale sensitivity. In 
addition, the digitizer is able to capture high spatial resolution data across a wide dynamic 
range significantly quicker than the scanning micro-densitometer. The specifications for the 
Du Pont Scan II digitizer are listed in Figure 1. 
The CCD is sensitive enough to detect greater than 3 1/2 decades of film density which 
are then converted into 4096 grey values. These digital values are linear with light 
transmittance through the film so as to take advantage of the high sensitivity that can be 
derived from the logarithmic light transmittance to film density relationship. By varying the 
light intensity through the film, high sensitivity to film density changes can be achieved 
across a wide dynamic range (Figure 2). 
Review of Progress in Quantitative Nondestructive Evaluation, Vol. 12 
Edited by D.O. Thompson and D.E. Chimenti, Plenum Press, New York, 1993 309 
310 
Detector 
Spatial Resolution 
Input Size 
Density Coverage 
Bit Depth 
Data Storage 
Scan Time 
Figure 1. 
500 Element CCD 
with Anti-blooming 
70 or 35 micron 
(Constant Across Image) 
14" x 17" or 7" x 17" 
0- 5.0 00 
12 bits 
45 or 90Mbyte Framebuffer 
30 or 50 seconds 
Specification for CCD based digitizer. 
Contrast Sensitivity at Various 
Light Levels and Integration Times 
0.3 
0.1 
Detectable 0.03 
~ange 0.01 
Density 0.003 
0.001 
0.0003 
Figure 2. 
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THICKNESS MEASUREMENT SOFTWARE 
The ability to capture radiographic data rapidly and with high sensitivity enables many 
techniques currently used in radiography to be performed more efficiently and accurately 
when employed on a digital workstation. A particular area of interest involves obtaining 
thickness (depth) information from a 2 dimensional film radiograph. Du Pont has developed 
software which runs on a Sun based, 3 monitor workstation which enables the user to measure 
thickness (such as through the wall of a pipe) from a digitized radiograph. 
Due to the large number of variables involved in producing a radiograph, it would be 
very difficult to analytically calculate thickness values from the radiographic parameters (film 
type, exposure, source to film distance, material type, etc.). It becomes a significantly more 
manageable task if the radiograph in question is compared to a known standard. The software 
program developed measures part thickness on a radiograph through comparison with 
reference radiographic information produced under "like" conditions. In calculating the 
thickness, the technique assumes that the part (shown in the radiograph) is of constant 
material and that the radiographic shot was made at a sufficient source to object distance so as 
to minimize geometric concerns. 
REFERENCE DATA MEASUREMENT 
The user can provide the reference radiographic information through two different 
methods. 
In the first method, a separate reference radiograph is produced under the same 
radiographic conditions as the radiographs that are to be measured. This radiograph will 
generally be a step wedge of at least 3 steps corresponding to the thickness range of interest. 
This radiograph is then digitized and the user interactively inputs the thickness information 
that corresponds to each step. From this data, the software calculates a curve for thickness vs. 
digital value (film density). The software allows database information containing the 
applicable radiographic parameters (film type, processing information, shot geometry, 
exposure, KV, etc.) to be sorted with that curve (and the associated reference data). The 
database information can be quickly entered by selecting options from "pre-configured" 
menus. If an option is not present, the user can create additional options on the menu. The 
relational database provides a useful way for users to file and recall the reference data for use 
with the radiographs to be measured. Ideally, if there are a number of common radiographic 
setups, the user can set up a library of common reference radiographic data to minimize the 
time needed to create and measure reference radiographs. Once the reference data is stored, 
the user is free to digitize and measure the radiograph of interest. 
The second method is very similar to the first except that the reference data is contained 
on the radiograph to be measured. If a step wedge or notch block with at least three known 
thickness points is present on the radiograph to be measured, the user can interactively input 
the thickness values for the known points and the program will generate the thickness vs. 
digital value (film density) curve. The user can then proceed to directly measure thickness 
values on the unknown area of the radiograph. 
THICKNESS MEASUREMENT 
After the appropriate reference radiographic data file has been selected, three different 
tools are available to the user for performing the actual thickness measurement. In each 
description that follows, the radiograph being analyzed is displayed in Monitor A. 
One Point: When one point measurement is selected, a cursor appears over the image in 
Monitor A. The user is free to move the cursor throughout the image using a mouse or 
trackball. The thickness, greyvalue and density data for each point the cursor covers in the 
image are displayed in the adjacent Monitor B. The user can then interactively measure the 
thickness for points throughout the image. The user can then interactively measure the 
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thickness for points throughout the image. The user can record the data manually or print out 
the image with its associated thickness values at any time. This tool is useful when the 
thickness of very small areas must be determined. 
Profile: When profile measurement is selected, the user can draw a line across the area 
of interest. A plot is provided on Monitor B of thickness versus linear space (the points that 
the line covered). This provides a very useful tool, not only for measuring absolute thickness 
of respective areas, but relative thickness as well. For example, the profile function would be 
very useful in measuring the relative thickness of a porous area in a weld. 
Pseudocolor: The third measurement technique assigns unique colors to various 
thickness ranges or grey values associate with the image displayed on Monitor A. This 
technique provides quantitative thickness information and also enables the user to quickly and 
easily see the thickness variation in a part. 
SUMMARY 
The high sensitivity and high speed capture capability of the CCD digitizers enable 
thickness calculations from radiographs to be performed more quickly and accurately than 
previously had been possible. The thickness measurement software written for host 
workstations has many applications in industry including the absolute and relative 
measurement of through-wall thickness. The software also enables the user to keep both 
digital and hardcopy reports of any analysis performed and facilitates the in-process 
monitoring of parts. 
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